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Although killer whale, Orcinus orca, dialects have been studied in detail in several populations, little attempt has been made to compare dialect characteristics between populations. In this study we investigated geographical variation in monophonic and biphonic calls among four resident populations from the North Pacific Ocean: Northern and Southern residents from British Columbia and Washington State, southern Alaska residents, and eastern Kamchatka residents. We tested predictions generated by the hypothesis that call variation across populations is the result of an accumulation of random errors and innovation by vertical cultural transmission. Call frequency contours were extracted and compared using a dynamic time-warping algorithm. We found that the diversity of monophonic calls was substantially higher than that of biphonic calls for all populations. Repertoire diversity appeared to be related to population size: in larger populations, monophonic calls were more diverse and biphonic calls less diverse. We suggest that the evolution of both monophonic and biphonic calls is caused by an interaction between stochastic processes and directional selection, but the relative effect of directional selection is greater for biphonic calls. Our analysis revealed no direct correlation between call repertoire similarity and geographical distance. Call diversity within predefined call categories, types and subtypes, showed a high degree of correspondence between populations. Our results indicate that dialect evolution is a complex process influenced by an interaction among directional selection, horizontal transmission and founder effects. We suggest several scenarios for how this might have arisen and the implications of these scenarios for call evolution and population history. Ó 2011 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Vocal variation among groups of animals may occur at different levels. Differences in vocalizations between neighbouring groups of potentially interbreeding individuals are called dialects, whereas differences in acoustic repertoires over long distances and between populations that normally do not interbreed are referred to as geographical variation (Conner 1982) . Dialects are common in birds (Baker & Cunningham 1985) , but rare in mammals, being mostly limited to cetaceans (e.g. Ford 1991; Rendell & Whitehead 2003 ), bats (e.g. Boughman 1997 Esser & Schubert 1998; Yoshino et al. 2008) and humans (e.g. Labov 2001) . In contrast, geographical variation in vocal repertoires is common among both bird and mammalian populations (e.g. Krebs & Kroodsma 1980; Slobodchikoff et al. 1998; Mitani et al. 1999) .
Killer whales, Orcinus orca, are widely distributed throughout the world's oceans (Forney & Wade 2007) . Different populations display substantial variation in diet, behaviour, morphology and genetics (Ford et al. 1998; Pitman & Ensor 2003; Foote et al. 2009; Morin et al. 2010) . Rather than being genetically coded, the vocal repertoire of killer whales is thought to be learned (Bowles et al. 1988; Ford 1991; Deecke et al. 2000; Foote et al. 2006) , which leads to formation of dialects between neighbouring groups in some populations and geographical variation between distant populations.
